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ABSTRACT
Florida has experienced more population growth over the past half century than any other
state, which has led to some of the most extensive urban development on valuable agricultural
lands. To address this and other impacts of sprawl, Florida passed the Growth Management Act
(GMA) in 1985, which among other things required local comprehensive planning and that it be
consistent with a state plan of policies and objectives. While the GMA has been the subject of
much scrutiny, little empirical research has been conducted specifically in regards to the loss of
agricultural lands. Utilizing spatial analytic techniques and historic county comprehensive
planning data, I examine the extent to which this growth management policy has been effective
at protecting agricultural land. I conclude that the GMA has had a statistically significant and
notable impact on the rate and location of urban development on agricultural land. Given wide
county differences in effort and rates of conversion, however, it is clear that while the GMA is
necessary, it is not sufficient in its current state for the viability of agriculture. A regional
strategy with specific goals and objectives for agricultural protection should be defined and
eXisting planning mechanisms should be coupled with additional farmland protection tools for
the GMA to be more effective in the long-term.
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1. INTRODUCTION
Farmland is a critical raw resource we need to grow our food. In addition, to providing a food
base, farmland also often offers a number of other important social, economic, and
environmental benefits for society such as acting as open space, providing jobs and income,
storing water and supporting wildlife. In Florida, agriculture is still the most prominent land use
and the state's second largest industry, producing many commodities that are valuable on a
national level such as citrus fruits, sugarcane, and nursery products. Despite its diverse and
productive agricultural industry, however, the state has experienced some of the largest losses
in farmland in the country over the past few decades, which could very well continue.
Florida provides a unique context to study the impact of farmland protection because the
landscape is desired for more than just food production or rural scenic quality. Firstly, Florida is
home to the Everglades and other valuable ecosystems that support a diversity of plant and
wildlife communities, which has made it the focus of many conservation initiatives over the
years. Although conservation programs for wildlife habitat or water management purposes are
not necessarily at odds with agricultural protection, for the most part the two sets of objectives
have evolved independently. Secondly, and more importantly, Florida has been a popular place
to both visit and live with its warm climate, attractive coastline, and its wide range of
recreational opportunities such as fishing, boating, hiking, hunting, golfing and a variety of other
tourism activities - the state's largest industry. As a result, Florida has experienced rapid
population growth over the past several decades, which has led to extensive urban
development, making the management of agricultural land a complex issue.
The main purpose of this thesis is to examine the extent to which growth management in Florida
has had an impact on protecting agricultural lands. The thesis takes an empirical approach to
evaluate the effectiveness of the state's attempts to protect agricultural lands over the last
couple decades. In particular, the analysis focuses on Florida's Growth Management Act (GMA)
of 1985, one of the first and most extensive initiatives to help curb sprawling urban
development. The GMA requires Florida to engage in statewide comprehensive planning, in
which county level plans must adhere to the state plan of policies and objectives. My hypothesis
is that the GMA has had a significant influence on the rate and location of farmland loss, but
that without a clearer and more comprehensive regional strategy for farmland protection it is
unlikely to meet its stated objectives in the long-term. Before empirically testing this hypothesis,
however, it is important to establish some additional context for agriculture in Florida, review
the state's experience with urban growth, and survey existing farmland protection tools in the
region.
2. CONTEXT
2.1 Florida agriculture
Agriculture is not usually the first thing that comes to mind when one thinks of Florida, and yet
its landscape has been used for its food production potential ever since it was settled. In terms
of total acreage it is the most widespread use of the land in Florida and it plays an important
role in the state's economy. According to the Census of Agriculture, Florida had nearly 50,000
farms and over 9 million acres of land in agricultural use in 2007 (US Department of Agriculture
2007). The majority of this agricultural land is concentrated in the southern half of that state,
within a region often referred to as peninsular Florida. This is where most of the citrus groves
are located, as well as sugarcane, which is primarily grown in the Everglades Agricultural Area
(EAA) just south of Lake Okeechobee.
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Figure 1 - Extent and type of Florida agriculture 2004-07
Florida agriculture also has an estimated $85 billion dollar total annual economic impact and
employs 750,000 workers (Ingram 2009). Not surprisingly, much of the agricultural commodity
value comes from the peninsular Florida region, with Palm Beach, Miami-Dade and Hillsborough
as the top three counties in products sold, totaling over $2 billion dollars. Although citrus fruits
(orange, grapefruits, tangerines) and sugarcane are the most prominent crops on the land,
Florida is first in the nation in the value of production of a variety of other crops including
squash, watermelon, tomatoes, and bell peppers (Ingram 2009). Surveys of public perceptions
of agriculture in the state are generally positive - recognizing the importance of it to the state's
economy, the value that local production has on availability of fresh food, and its impact to the
environment (Kaufman et al. 2008).
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Figure 2 - Florida county value of agricultural products sold in 2007
(does not include other economic effects that make up the total $85 billion dollar impact)
2.2 Benefits and costs of agriculture
While Florida's economy alone could be reason enough to protect farmland, there are a number
of other benefits for keeping land in agriculture. First, agriculture can serve as habitat for
wildlife. This is particularly true of cattle ranches in Florida, which comprise much of the state's
remaining native habitat (Main et al. 2004). Key species in the state, such as the Florida panther
and caracara, depend on ranchland for survival (Main et al. 2004). This land becomes
particularly critical given the fact that many species may be forced to adapt or migrate as a
result of climate change. In addition, given that nature-based tourism relies on wildlife viewing,
there are also secondary motives for managing farmland as habitat. Second, agriculture can act
as open space, maintain cultural heritage, and provide recreational opportunities and scenic
vistas (Nelson 1992), all of which play a role in the attractiveness of this region. Third, farmland
can allow for groundwater recharge and control flooding (Nelson 1992), which is another
important factor in a state that has a heavily engineered and complex hydrologic system.
Studies have also shown that protecting farmland can provide a fiscal benefit in that agricultural
land demands much less in municipal services relative to its generation of local taxes compared
to urban land uses (Daniels and Bowers 1997). Preserving lands for food production can also
help promote a local food system, which results in a number of positive externalities and helps
minimize dependence on foreign countries for food resources, which supports long-term food
security objectives. Though much farmland often may go unnoticed by a large portion of the
public who increasingly live in urban areas, properly managed agriculture is an integral part of a
healthy ecosystem, society, and economy.
Unfortunately, the benefits of agriculture are not incorporated into appraised land values and
therefore typically farmland is undervalued in the market for property. As a result, development
usually outbids farmland for use of the land (Nelson 1992). Areas that are often prime
agricultural lands are usually also highly suitable for urban development (Solomon 1984). As the
agricultural landscape gets fragmented this may also quicken the conversion to urban use, and
the loss of prime lands could lead to more intensive use of less productive areas to make up for
the lost quality (Machado 2003). This may lead to environmental costs, such as greater water
and chemical use to make up for lost productivity (Greene 2001).
In short, not all is positive when it comes to agricultural use of the land and there may be a
number of associated costs. For instance, the food system in the U.S. is very energy intensive
and there are effects that farming can have on ecosystems and public health from the excessive
use of pesticides, fertilizers, and other chemicals. Florida's Everglades Agricultural Area (EAA) -
an artificially drained area of about 700,000 acres of rich soils located south of Lake Okeechobee
- is a major part of Florida's agricultural history and its environmental impacts cannot be
ignored. The EAA is cultivated primarily for sugarcane production and responsible for $1.2 billion
dollars of economic activity per year (Bottcher and Izuno 1994). It has been the subject of much
controversy, however. Water that historically drained south to the Everglades was redirected
through canals causing serious harm to coastal estuaries through the transport of high levels of
phosphorous and nitrogen caused by agricultural activities (Bottcher and Izuno 1994). The EAA is
considered an important piece of land in efforts to restore the Everglades.
In considering the value of agricultural lands, it is important to recognize that different types of
farmland - ranchland, citrus groves, or cropland, for example - will each provide a unique set of
costs and benefits. While there are a host of benefits associated with farmland there are also
tradeoffs, and clearly there are still steps to be taken in order to ensure the sustainable
agricultural use of land in Florida. The purpose of this thesis, however, is not to develop a model
for sustainable agriculture or extensively build an argument for farmland protection in Florida,
but to evaluate the effect that planning and zoning policies have had where the protection of
this land resource has been deemed a worthwhile objective. Furthermore, urban development
on farmland ought to be carefully considered as land resources are finite and their conversion in
this regard is essentially irreversible.
2.3 Urban development and farmland conversion trends
Florida faces a number of land use issues. The state is one of the most vulnerable in the U.S. to
climate change and sea level rise given its low elevation and its sensitive ecosystems. Although
this will likely also have impacts on agriculture, the bigger threat historically to farmland has
been population growth and urban sprawl, which will require continued attention given
projections of future growth (Zwick and Carr 2006). Over the last fifty years or so, Florida has
experienced more population growth than any other state in the U.S. (Ingram et al. 2009).
Florida went from a population of about 5 million residents in 1960 to nearly 19 million now in
2010, making it the fourth most populous state after California, Texas, and New York. Roughly
three quarters of the population influx has been in the peninsular region, as defined by the
thirty southernmost counties, even though it only makes up about half the state's total area.
Not surprisingly, a lot of this growth translated into demand for greenfield development and
loss of farmland. Florida has ranked in the top three states in the nation in total agricultural
acreage lost to development between 1982 and 2007, and also third in terms of percent area
lost between 2002 and 2007 (U.S. Department of Agriculture 2009). Between 1990 and 2008
while comprehensive planning was in effect in Florida, there was about a half million acres of
agricultural land lost in the 30 southernmost counties. Under alternative future scenarios
developed by the MIT Everglades research group, another 700,000 - 1,500,000 acres will be lost
over the next fifty years in this same area based on different assumptions of population growth,
financial resources, and "proactive" versus "business as usual" politics.
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Figure 3 - Historic trend of farmland and residential development and possible future trajectories (based
on MIT-Everglades Scenarios)
2.4 Growth management and statewide comprehensive planning
Growth management provides the framework by which Florida has been able to apply many of
its agricultural protection tools. Along with Oregon, Florida has one of the oldest growth
management systems in the country. While Florida's efforts began in the 1970s, it did not reach
its full effect until 1985 when the state passed the Growth Management Act (GMA), which was
one of the most innovative efforts to manage growth in the country (Connerly et al 2007). The
primary intention of the system is to "provide long-range policy guidance for the orderly social,
economic and physical growth of the state" (Section 187.101, Florida Statutes 2010).
There are three key policies that distinguish the GMA: consistency, concurrency and compact
development. Probably most notable, has been the consistency requirement that requires that
all counties and municipalities prepare comprehensive plans that guide future land use in
accordance with objectives of the state's plan (Brody et al. 2006). The State Comprehensive Plan
has a clear goal that "Florida shall maintain and strive to expand its food, agriculture...and
related industries in order to be a healthy and competitive forces in the national and
international marketplace" (Section 187.101, Florida Statutes 2010). Florida's Administrative
Code Rule 9J-5, which contains the minimum criteria that local plans must adhere to, provides
the basis "to protect adjacent agricultural areas and activities, including silviculture, as well as
passive agricultural activities and dormant, unique and prime farmlands and soils" (Rule
Chapter: 9J-5, Florida Administrative Code 2010). What distinguishes the GMA from other
typical planning processes in the U.S., is that consistency is not only required between the plan
and zoning regulations, but also between adjacent jurisdictions as well as between local,
regional and state plans. This is enforced through a centralized intergovernmental review. The
prescriptive nature of the consistency requirement has given the GMA its perceived success;
however, the approval of local plans did not necessarily imply that stakeholders had come to
agreement or denote anything about their quality hence there is uncertainty as to plan
implementation and whether or not primary objectives have been achieved (Connerly et al.
2007).
Concurrency is also an important policy within the GMA. This requirement attempts to ensure
that there are adequate facilities and services in place when new development is permitted. This
is achieved by requiring local comprehensive plans to have a capital improvement program. In
theory, permits for new development may be rejected if levels of services are inadequate.
Concurrency has had a major effect in managing growth, but unfortunately a significant issue
with it has been the lack of state funding streams, leaving financial responsibility to
municipalities (Connerly et al. 2007). Unlike with the consistency requirement, concurrency was
also given a more discretionary approach (Connerly et al. 2007).
The third component of the GMA is compact development, which started as a weak
requirement in the 1985 act, but has gained momentum over time through subsequent
amendments to the GMA. This requirement intended to deal with transport and prevent
excessive urban and suburban sprawl onto agricultural and natural resource lands. Like the
concurrency requirement, compact development followed a discretionary approach; while the
policy did lead to some improvement in compact growth, there continues to be serious issues
with sprawl and transportation (Connerly et al. 2007).
Though it has been generally regarded as one of the most comprehensive attempts to manage
growth, the GMA has also been criticized for having had somewhat mixed results (Porter 1998).
On the whole, however, it is rather difficult to evaluate it given its evolution over time;
furthermore, one must also consider how the landscape might be different had there been no
legislation altogether.
While an important goal of growth management in Florida has been for the protection of
agriculture, there is no requirement that comprehensive plans contain a section specifically on
agriculture. The open space element of a plan may address agriculture, but it is not required to.
Plans do all have a future land use element in which counties designate the extent and
distribution of agriculture in their region. These plans, however, are subject to amendments and
so there is likely to be variation in the degree to which new development conforms to what was
designated.
Consideration of the GMA is particularly relevant during the writing of this thesis as the Florida
legislature is about to repeal much of its growth law. The bill, which has already passed the
House, and is currently in the Senate, would give the GMA less traction than it had before. Most
notably, local governments would be able to change their comprehensive plans as much as they
like as opposed to twice a year; the state's power to review local plans would be reduced and
expedited; local governments would be able to permit growth without requiring adequate levels
of services prior; communities would be prohibited from having a special election on growth
plans and decisions (Troxler 2011). All these measures would make it very difficult for the GMA
to achieve its main objective and the bill to repeal the act deserves careful consideration given
the long history of the GMA. The GMA remains a subject of high political controversy and an
investigation into aspects of its effectiveness is timely.
2.5 Other tools for farmland protection
Across state, county, and local levels a number of regulatory and incentive-based approaches to
farmland protection have been tried in Florida, with varying levels of success; some of the
legislation and tools include: urban growth boundaries and urban service areas, cluster zoning,
transfer of development rights, conservation easements, purchase of development rights, right-
to-farm, use-value assessment, and payment for ecosystem services. While these tools will not
be assessed individually in the subsequent spatial analysis, they should be considered for their
potential as part of a larger farmland protection framework in Florida.
2.5.1 Urban growth boundaries
In Florida, urban growth boundaries (UGB) are often referred to as urban development
boundaries (UDB), or urban service areas (USA) (Florida Planning Toolbox 2006). The terms are
used somewhat interchangeably and all have a similar objective, which is to concentrate urban
growth and coordinate it with existing public infrastructure so as to minimize sprawl on to land
with high agricultural or resource value. Many counties delineate USAs as part of the their
comprehensive plan based on projections of future population growth. While USAs help to
prevent leap frog development and sprawl they are often expanded as development occurs over
time.
Miami-Dade County is well known in the region for its urban development boundary, which
determines the densities at which one can develop inside and out of the UDB line. Expenditures
for urban services such as water and sewer are focused within the urban area. Outside the UDB,
commercial and industrial use is very limited, and residential development can be no denser
than one unit per five acres.
In general, urban growth boundaries can be an effective way of concentrating growth when the
market would not protect open land otherwise, as has been recognized in Portland, Oregon
(Nelson and Moore 1993). With too much development pressure, however, they can be
susceptible to amendments. The existence of the UDB, as in the Miami case, has been known to
restrict land values outside the boundary, so there is often local pressure to expand it if farmers
are interested in developing their land (Bernstein 2007). In general, this regulatory technique
tends to work best on a regional scale; at the municipal scale, development may get pushed to
adjacent open areas, just outside the given regulating jurisdiction.
2.5.2 Cluster zoning
Cluster zoning is another tool that might be administered through the comprehensive plan that
can require that houses be grouped together on lots such that open space is preserved. The
undeveloped part of the parcel may be restricted for development by use of a conservation
easement. While cluster zoning can be effective at leaving open space, in general, the areas are
not large enough to support commercial agriculture (American Farmland Trust 1997). Residents
are often not in favor of experiencing the negative externalities of farming, such as odors and
noise, so they are unlikely to lease their undeveloped land for agriculture (American Farmland
Trust 1997). Cluster zoning is probably best used as a means of protecting small tracts of open
space, which can act as a buffer for farmland or be used by wildlife as habitat corridors.
2.5.3 Transfer of development rights
Transfer of development rights (TDR) is an incentive-based tool to protect farmland. The
programs function by transferring the rights to develop certain areas of rural land to already
existing urban areas. When this occurs the agricultural land is left under permanent
conservation easement, and at the same time, developers are allowed to build at higher
densities in certain designated urban growth areas than would normally be allowed in the
zoning ordinance. This transfer of development helps foster compact growth, by adding more
housing units in already urban areas rather than allowing sprawl to occur on prime agricultural
lands. By compensating farmland owners for selling their development rights, it allows them to
realize the development value of their land without actually losing the lands inherent
agricultural or natural resource value.
In 2001, Florida passed the Rural Lands Stewardship Act, which is essentially a statewide TDR
effort that is a voluntary part of the state's comprehensive planning process. Through this
program counties may delineate non-urbanized areas as Rural Land Stewardship Areas (RLSA)
within their comprehensive plan's future land use element. In those RLSAs, special economic
incentives are put in place to help protect the agricultural or natural resource value of the area.
Like traditional TDR, sending and receiving areas must be accounted for to transfer the added
density for protecting agricultural or environmentally sensitive lands. Requirements that
distinguish the program are a minimum 10,000 acre size as well as a 25-year population forecast
to help ensure the long-term viability of the designation (Cremer 2009). What also makes it
unique from TDR is that the credit generation is completely voluntary and that RLSA has a strong
connection to protecting ecosystem services in addition to farmland. While there have been a
number of proposals for RLSAs, to date, only two examples exist, in Collier and St. Lucie
counties, although technically Collier's was developed prior to the enactment of the Rural Lands
Stewardship Act and was not an amendment of their comprehensive plan nor subject to the
requirements of the act (Cremer 2009).
Transfer of development rights programs in general have the potential to be a key tool in the
protection of farmland. Once a TDR transaction has occurred the agricultural land will essentially
be protected permanently, in contrast to agricultural zoning, which may be subject to variances
or special exceptions over time that leave it open to development. Compared to exclusive
agricultural protection zoning, TDR also offers a less controversial means of conserving farmland
since it can benefit both farmers and developers, making both agriculture and urbanization
more viable in the region. Because TDR is privately funded, there is not the concern of lack of
financial support from the government. Nonetheless, TDR has had somewhat limited success in
farmland protection in part because the programs require significant oversight and informed
designation of sending and receiving areas (American Farmland Trust 1997). They also take time
for approval, and still need local support for these ordinances to pass. Even though the concept
has been around for a while, the programs are also not well understood by the public (American
Farmland Trust 1997). For a program to be effective there needs to be sustained growth as well
as demand from developers and home-buyers for increased density in urban areas (Pruetz and
Standridge 2009). In Florida, for example, urban areas are not always built to the highest
densities so that real estate developers can maximize their land profit.
2.5.4 Conservation easements and purchase of development rights
One of the more widespread mechanisms to preserve farmland is through conservation
easements. Every state in the country has a law relating to conservation easements, which is a
voluntary means by which landowners donate their property right to develop their land, or a
portion of it, to a conservation group, trust, or government agency (American Farmland Trust
1997). All other property rights a landowner has remain in place. Although most easements are
permanent, regardless of owner, some may be only for a limited number of years depending on
the terms of the agreement. The easements may also vary as to the precise terms of what may
be done with the land. For instance, an agricultural conservation easement would specifically
protect farmland, whereas many conservation easements are used for wildlife habitat or for
other environmental purposes. Regardless, the owner of the land usually receives some tax
benefit for giving up this property right, and the grantor is then in charge of making sure the
terms of the agreement are upheld.
In many states, government agencies and conservation groups will also purchase agricultural
conservation easements from landowners to provide additional incentive. The value is normally
assessed based on the difference between the fair-market value and the agricultural value of
the land (American Farmland Trust 1997). These programs are also commonly known as
purchase of development rights (PDR) programs, and many states - especially in the northeast -
have chosen this route over agricultural zoning.
In response to the continued loss of valuable agricultural land, Florida passed the Rural and
Family Lands Protection Act, creating a statewide PDR program. The Rural and Family Lands
Protection Program (RFLPP) is funded within the Florida Forever program, which is focused
predominately on the protection of natural communities. The RFLPP is focused specifically on
acquiring permanent easements from farmland owners, so that Florida "will continue to
maintain a viable agricultural sector as part of the State's economy, while allowing its citizens
the opportunity to continue to enjoy rural landscapes and open space" (Florida Department of
Agriculture and Consumer Services 2004). While its primary purpose is to protect agriculture,
this program also tries to highlight sustainable practices, and jointly protects other critical
natural resources in its prioritization and application review process. In order for this program to
be successful, however, significant funding is required, which up until recently has been
inconsistent at best.
Miami-Dade County also has had its own separate PDR program for agricultural lands since
2007, which has a $30 million dollar budget. Funding for the program was requested by rural
residents and approved by voters in the county. The transactions are only eligible on
agriculturally zoned or open land outside the urban development boundary.
While agricultural zoning can comprehensively protect large areas of farmland, conservation
easements are voluntary, provide financial incentives, and are more legally binding so can be a
more effective protection tool in the long-term (Daniels and Bowers 1997). On the other hand,
PDR programs tend to work on a parcel-by-parcel approach so may be less cohesive for
agricultural viability without a statewide comprehensive strategy. Furthermore, they require
time to purchase and need continued investment to monitor and enforce (Daniels and Bowers
1997). Also, because of the permanent aspect of many easements, it may be difficult to get
landowners on board. The alternative of limited duration easements or the inclusion of an
escape clause in the agreement, is likely more attractive to the landowner, but may just delay
the time at which the farmland is converted. Another issue is that PDR programs often target
areas that are at lower threat to conversion since these usually have a lower market value, but
this does not mean they are prime agricultural lands.
2.5.5 Right-to-farm legislation
Florida, as well as every other state in the U.S., has a right-to-farm law. In general, these laws
are meant to give farmers higher standing in court against residential private nuisance claims.
Historically, local residents often trumped the property rights of farmers even if the agricultural
operations existed prior to the new development in the area. The right-to-farm statute may also
protect farmers from the enactment of anti-nuisance laws or "unreasonable controls on farming
operations" (American Farmland Trust 1997). Florida also tried to ensure that farms use
acceptable agricultural management practices.
These laws are generally applied at the state level but counties and municipalities often may
have additional provisions to protect farmers in this regard. Each state is unique in terms of the
exact protection it provides; there is variation on the types of practices protected and when a
farm is entitled to protection. For instance, in Florida practices such as keeping dangerous
wastes or diseased livestock site does not offer right-to-farm protection; also, if an active farm
expands or drastically changes it operations, this could mean that it won't be protected under
the statute in Florida (American Farmland Trust 1997).
In general, right to farm legislations tend to convey that there is a value to maintaining good
agricultural practice in communities. They allow farmers to continue reasonably sound
agricultural practices, as it is assumed there will always be some level of conflict between
agricultural and urban land use, but this should not always mean that farming is forced to move
elsewhere. Apart from the protection mentioned, there has not been much research as to the
effect that these statutes have had at slowing farmland conversion. Although right-to-farm
enables farmers to continue their practices, it does not provide incentive for people to continue
to farm if, for example, they find that their land would be worth more if developed.
2.5.6 Use-value or differential assessment
Use-value or differential assessment is an incentive-based approach to farmland protection that
shifts the burden of property taxes away from agricultural land to other land uses. Landowners
are taxed based on its agricultural production value rather than on its usually higher
development value. Every state now except Michigan has some use-value program and a survey
across 15 counties in the U.S. show that owners think that these programs have been helpful at
keeping taxes at acceptable levels (Esseks et al. 2009).
In Florida, the agricultural use-value assessment program is enabled under the Agricultural
Lands Classification and Assessment Act, commonly referred to as the "greenbelt law," which
was established in 1959. The act requires land be for "bona fide agricultural use," and stipulates
a number of criteria by which land can qualify, including the size and length of duration of the
agricultural operation. Despite the somewhat rigorous criteria, however, there has been
criticism of the greenbelt law in terms of who qualifies for the program, with documented cases
of developers paying ranchers to graze livestock on their land in order to gain property tax
savings (Nitze and Reinhard 2005). Nevertheless, use-value assessment is still regarded as an
important piece of legislation for maintaining land in agriculture by advocacy groups. In a survey
of agricultural landowners in Palm Beach County, use-value assessment had a higher positive
response rate compared to agricultural zoning or right-to-farm legislation, although this was for
the purpose of maintaining acceptable property tax rates rather than for sustaining an adequate
supply of farmland (Esseks et al. 2009).
2.5.7 Payment for ecosystem services
Payment for ecosystem services (PES) is not exclusively a farmland protection technique, but it
is starting to have more potential as one. Ecosystem services cover a wide array of processes
that the environment takes care of for humans, for instance, the provision of clean air and
water, crop pollination, carbon uptake, and flood and erosion mitigation. The concept behind
PES is that if these ecosystem services can be quantified in monetary terms then payment
programs can be set up so that they are represented in the market.
The idea of PES is very much applicable to agriculture. As mentioned in section 2.1, agriculture
provides a number of positive benefits such as storing water, serving as wildlife habitat,
protecting biodiversity, and limiting floods. And yet, these are not very well recognized by the
public or integrated into the market. The potential is significant, however, and provides an
opportunity to not only protect agricultural resources, but also do so in a way that also achieves
environmental objectives.
Payment for ecosystem services is not a completely new idea and programs have been
implemented around the world. In general, however, there have been some limitations to PES
programs becoming more widespread. In particular, it is quite difficult to quantify the economic
value of the service provided. Programs are also hard to regulate to ensure compliance and even
if the service can be priced it is difficult to say if the landowner is being properly compensated
for the amount of action taken (Balvanera et al. 2001). Programs are also not well-suited for
services that do not provide an obvious and direct benefit to humans.
The Florida Ranchlands for Environmental Services Project (FRESP) has tried to address some of
these barriers. In this effort driven by WWF, they are providing a financial incentive for cattle
ranchers to use their land, or portions of it, to help improve local water storage and quality. The
hope is that ranchers will provide ecosystems services more cost effectively than constructing
new public works projects (Cremer 2009). Currently, it is still in its pilot stage, but has potential
to become a full scale PES program. Given the voluntarily nature of PES programs and their
financial incentives, they have potential to be an effective agricultural protection technique that
may also serve other critical environmental objectives in the region.
3. METHODOLOGY
The Growth Management Act of 1985 provides a unique opportunity for analysis, as it requires
that local communities prepare a legal binding comprehensive plan. Comprehensive plans must
follow a consistent format and must adhere to the goals of the state plan (Brody and Highfield
2005). Most importantly, all plans must contain a future land use map to guide future city and
county growth patterns; this map prescribes the location and densities of different land uses
within the jurisdiction with an intent to manage growth, minimize sprawl, and protect
agricultural and other environmental resources. As such, the comprehensive plan is more than
just a set of policy statements; it is a spatially explicit and legally binding document that future
development is expected to conform to (Brody and Highfield 2005). For this reason, the
comprehensive plan, as manifested through the future land use map, provides a systematic way
to test what difference this effort has made to farmland protection. The results will inform if and
where comprehensive planning has been effective in this regard, help identify the main drivers
of change, and provide a basis for discussing future efforts in farmland protection.
It should be noted that future land use designations are distinct from zoning in that they are
meant to guide future use types, densities, and intensities for use of property. Changes to future
land use designations must be done through an amendment to the comprehensive plan. Zoning
is an aspect of current planning for the use and development of property, and it must comply
with the future land use map. The zoning ordinance is the regulatory tool that implements the
future land use plan.
3.1 Study region
The focus of the analysis is on peninsular Florida, as defined by the thirty southernmost counties
in the state. As described in the previous chapter this extent not only includes the majority of
agricultural land, but it also captures the counties with the highest agricultural value. Most
importantly, it is where the most extensive urban growth has taken place and is projected to
continue, and thus presents the biggest challenge for planning in terms of agricultural land and
natural resources protection. it should be noted that while Monroe County was initially included
in the study area, it is dropped in the primary analysis, as there was insufficient agricultural land
use data there. According to the Census of Agriculture, Monroe only had 16 farms totaling 27
acres in 1987 (Census of Agriculture 1987).
Figure 4 - Study region counties
3.2 Research framework
The motivation behind the analysis is to better understand the degree to which agricultural
future land use zoning in comprehensive plans made a difference at protecting farmland. This
was accomplished using a geographic information systems (GIS) framework and developing a
logit regression model to help explain the conversion of agricultural land to developed uses.
There were two reasons for using logit, as a opposed to other regression techniques: 1) the
dependent variable tested - whether or not agricultural land was developed - is dichotomous,
and 2) logit does not make any assumption of a normal distribution or linear relationships
among the independent variables, which makes testing a range of variables upfront simpler.
3.3 Contributing factors to agricultural conversion
Factors that contribute to agricultural conversion are largely similar to those driving
development of other open land uses. While there is not a vast literature specific to agriculture,
there is research on spatial development patterns contributing to sprawl, which is likely the
primary driver of conversion in this study region. Brody and Highfield (2005) note that the
largest degree of plan non-conformity in a jurisdiction's land use plan occurs surrounding rapidly
outward growing urban areas, where development infringes upon rural areas, and that the
factors driving this non-conformance appear to be the same as those leading to sprawling
growth patterns.
Pendall (1999) notes that land value is one of the most important factors influencing
development patterns and sprawl takes places where land rents are relatively low. From an
economist's perspective, land resources are used based on their highest utility to the
landowner. As a result, agricultural land "will be preserved only if its productive value is worth
more than the developer is willing to bid" (Brody et al. 2006). Land value on its own, however,
will not determine sprawl and will work in concert with three other major forces: population
growth, low commuting costs, and rising incomes (Brueckner 2000). In other words, the
existence of cheap agricultural land alone will typically not lead to land use conversion, as the
land must also be accessible to rapidly growing urban areas, which in turn drives up land values.
Existing infrastructure and investment in transportation plays a major role in sprawl onto
agricultural areas, as this effectively reduces commuting cost from the urban fringe. Alonso
(1964) notes that transportation improvements are one of the key reasons a metropolitan area
expands onto previously undeveloped land. It provides easier access to land further from the
urban center that is relatively cheaper. Also, infrastructure for sewer and water provide the
basic framework by which new development will occur (Heimlich and Anderson 2001). Spending
on road and sewerage systems has been shown to affect the spatial reach of development
(Caruthers 2002).
Socioeconomics and demographics can also play a role in agricultural conversion, since urban
areas with high population growth with sufficient income are likely to develop relatively less
expensive agricultural land. In particular, population density has been shown to influence the
spatial extent of developed land (Caruthers and Ulfrasson 2002). Wealth also plays a role in
development patterns. Income, however, may not be the best indicator of wealth in Florida
since there is a large retired population that might have low income because they are no longer
employed; instead local residential land value would probably better represent relative wealth.
Florida's coastline, lakes and other freshwater bodies represent attractive locations for
development and the proximity to these features could also be representative of where high-
end residential development occurs.
Finally, land use planning through growth management policy is intended to promote compact
development and minimize sprawl, particularly on areas of prime agricultural or natural
resource value. In addition to agricultural zoning, other policies previously mentioned, such as
conservation easements, transfer of development rights, urban growth boundaries, cluster
zoning, right-to-farm legislation, and use-value assessment are all suggested to help protect
farmland (American Farmland Trust 1997). Studies in general have been somewhat mixed in
terms of whether growth management controls have actually prevented sprawled development
(Brody et al 2006). The extent to which this factor plays a role in peninsular Florida is the
primary interest of the analysis.
3.4 Model development
The first stage of the analysis was to develop a base model using logit regression. This model can
be represented as:
Logit[6(x)] = ln[ )] = a + 8,X +2+8..2 .+ 8,X,1- 6(x)
where a is the constant of the equation, X is an independent variable and P is a coefficient of
the corresponding predictor variable. The dependent variable Logit[O(x)], is the log of the odds
ratio, which can be transformed to solve for 0,
e (a+fplxl +fP2X2 +---+pnXn)
+ e (a+fp1X1+p82X2+---+PnXn)
where the resulting equation provides the probability of returning a positive result in the logit
model.
3.4.1 Variable selection
Selecting which variables to include in the model was very much an iterative process. Selection
was based on the theory of the drivers of agricultural conversion mentioned in section 3.3, but
whether to include the variable or not was dependent on a number of factors including: its
individual statistical significance, its contribution to overall significance of the model, its impact
on the goodness of fit of the model, collinearity with other variables in the model, and finally
whether or not the model was free of significant spatial autocorrelation. Individual significance
tests were based on p values <0.05 as were tests for the full model based on the chi-squared
distribution; when deciding whether to include additional variables into the model, the log-
likelihood ratio test was used based on the chi-squared distribution; the Hosmer-Lemeshow test
was used to assess goodness of fit, in addition to calculating the area under the receiver
operating characteristic curve (AUC).
A number of variables were tested including variations of similar concepts and different data
sources to try and find the best fit. These included: land value per square foot of residential
parcels, just value per acre of land classified as agriculture, population density, proximity to
roads, proximity to previously built residential parcels, proximity to large cities, proximity to
urban areas, proximity to coastline, proximity to freshwater bodies, and future land use zoning.
For proximity-based variables both euclidean distance and a cost distance measure based on
average road and walking speeds were tested. With variables such as coastline, freshwater, and
urban areas, dummy variables were also tested to see if being adjacent or within the particular
feature had an effect. With variables such as roads and cities, different thresholds of size were
also considered to determine as to whether to include all data or only major cities and roads, for
instance.
X1  X2  X3  X4  Xs xK X7  X8  xg X1 0  x1i X12  X13
xI 1.00
x2  0.75 1.00
x3  0.52 0.55 1.00
x4  0.48 0.61 0.77 1.00
xs -0.25 -0.43 -0.26 -0.36 1.00
x6  -0.16 -0.31 -0.18 -0.29 0.44 1.00
x7  0.48 0.49 0.66 0.52 -0.24 -0.20 1.00
x8  -0.35 -0.53 -0.37 -0.52 0.53 0.80 -0.38 1.00
x9  -0.37 -0.54 -0.41 -0.58 0.51 0.39 -0.39 0.74 1.00
x1O -0.38 -0.53 -0.44 -0.57 0.42 0.32 -0.49 0.65 0.88 1.00
x1u -0.31 -0.34 -0.29 -0.48 0.29 0.14 -0.25 0.41 0.64 0.58 1.00
x12  -0.18 -0.31 -0.16 -0.23 0.51 0.30 -0.19 0.44 0.43 0.36 0.17 1.00
x13  0.28 0.42 0.23 0.28 -0.35 -0.31 0.28 -0.49 -0.49 -0.44 -0.14 -0.34 1.00
Table 1 - Pearson correlation coefficient matrix of tested variables (selected variables in red)
x1 Residential land value x8 Urban/Rural
x2 Log of Residential land value x9 Distance to urban areas
x3 Agricultural land value x1 Distance to major cities
x4 Log agricultural land value x1u Distance to coast
x5 Distance to roads x12 Distance to waterbodies
x6 Cost distance to residential x13 Future Land Use
x7 Population Density
The above table shows the pairwise correlations between all tested variables from the final
round of model development (all correlation p values < 0.01). Those variables that were selected
are shown in red. As expected, land value variables were all negatively correlated with distance
measures. Variables that tended to be most correlated with one another were urban versus
rural areas, distance to urban areas, and distance to major cities (coefficients > 0.7), which is
why only one of these was selected. Likewise, multiple land value variables were positively
correlated, and it would have been redundant to select more than one. All variables selected
had correlation coefficients under 0.45.
3.4.2 Concept measurement
Dependent variable
The dependent variable tested was whether or not land that was determined to be agriculture
in 1990 was developed for residential, commercial, or industrial use by 2008.
In order to determine the conversion of agricultural land to urban uses two primary datasets
were utilized. A parcel-based dataset was assembled for the thirty county region in 2009,
acquired from the Department of Revenue. While this provides the best and most current land
use information, particularly for urban areas, it does not provide a snapshot of historic
agricultural use. For this reason, an historic dataset from 1990 was aggregated for the study
region, which was prepared by the water management districts (WMDs) in the area: St. Johns
WMD, Suwannee WMD, South Florida WMD, and Southwest Florida WMD.
Using the parcel data, only properties with a built year date after 1990 and coded as residential,
commercial, or industrial were selected. This data layer was intersected with land coded as
agriculture from the 1990 land use layer in order to determine areas of conversion. Only parcels
that were at density greater than 1 unit per 5 acres were considered in conflict. A parcel had to
have previously been at least 50% agriculture to be considered converted to urban use.
Figure 5 -1990 agricultural extent, highlighting land converted to urban uses by 2008
Independent variables
Ultimately four independent variables were selected to be included in the base model: just
value per acre of land classified as agriculture, cost distance to built residential parcels,
euclidean distance to arterial roads, and euclidean distance to large cities and towns. The future
land use zoning variable was applied on top of the base model.
Just value per acre of land classified as agriculture
This is an attribute given in the Department of Revenue parcel data. This land value is also
referred to as the "classified use value" and is the market value of land after it has been
granted an agricultural exemption. The total just value was divided by parcel acreage to get
a per acre measurement. Null values as well as parcels smaller than 10 acres were excluded
so as to avoid unrealistically high estimates due to topological errors in parcelization.
Centroids of the parcels were produced, which were subsequently used to interpolate a land
value surface for all agricultural land using ordinary kriging.
Figure 6 - Just value per acre of land classified as agriculture
Cost distance to built residential parcels
This factor utilized the same study region parcels dataset, selecting those residential parcels
with an actual built year date prior to 1990 and measured using cost distance. Cost distance
differs from a euclidean or straight-line distance in that it attempts to account for the ease
or difficulty of traveling between a source and destination, and is usually measured in units
of time. Cost distance in this case was based on the Florida Department of Transportation
functional classification roads data. A cost surface was built using speed limit information
associated with roads data, and subtracting a study region wide congestion factor of 15mph
and 5mph for urban and rural areas respectively. A background walking speed of 3 miles per
hour was assumed. Major arterials were also buffered to better represent their limited
access.
Figure 7 - Cost distance to 1990 built residential parcels
Euclidean distance to roads
This variable was based on the same roads dataset used to build the cost surface. Euclidean
(i.e. straight-line) distance to road features classified as arterials, urban or rural, was
calculated.
Figure 8 -Euclidean distance to arterial roads
Euclidean distance to large cities and towns
The spatial data points for this factor were based on data produced by the National Atlas of
the United States. Points that fell within the 1990 Census Urban Areas dataset were
included that also had a minimum population of 50,000. This threshold was selected so as to
include Sarasota, in order to have sufficient representation from the urbanizing areas on the
west coast of the study area.
Figure 9 -Euclidean distance to cities over 50,000 population within 1990 Census urban areas
Future land use zoning
This independent dummy variable was applied after the base model had been developed. Land
was coded as zero if it were zoned for agriculture, and one otherwise. Future land use was
based on a preassembled dataset that was created in 1992 by the Southwest Florida Regional
Planning Council that compiled future land use maps from all the regional planning councils in
the state. While the production date is slightly after the starting agricultural base layer, there
had been minimal changes to the future land use maps between those years.
Figure 10 - 1990 future land use zoned as agriculture
3.4.3 Sampling strategies
A number of sampling methods were tested during model development, in order to guarantee
an adequately sized sample universe and ensure samples were not spatially autocorrelated, so
as not to violate the assumption of independent samples (Wagner and Fortin 2005). The
objective was to get the most samples, but at the same time minimize spatial autocorrelation of
the residuals in the model using a Global Moran's I index. Agricultural land in 1990 formed the
basis of the sample. Excluded, however, was agricultural land that was also considered under
public conservation according to the Florida Natural Areas Inventory of managed areas. In
addition, developed parcels coded by the Department of Revenue as other county, state, or
federal owned lands were also excluded from the sample. The goal was to eliminate public lands
from consideration. Within the base agricultural extent, both regular and random sampling
methods were tested at distance separations of 500m, 2km, 3km, and 4km. Regular sampling
across the study region, however, heavily favored undeveloped parcels, which made fitting a
model difficult. Based on the approach from Rutherford et al (2007), an equal number of points
were selected from land use classes (i.e. developed or undeveloped), using random sampling
and applying a minimum separation distance. This enabled testing an approach that gave more
granularity to the agricultural conversion area, though at the expense of having fewer samples.
Mean Std. Dev. Min Max
Sample (n = 852)
Cost distance to built residential (min) 17 29 0 217
Agricultural land value ($/acre) 18,607 32,312 133 222,492
Distance to arterial roads (meters) 3,061 4,002 0 28,801
Distance to major cities (meters) 40,931 21,899 1,504 98,991
Full Agricultural Extent
Cost distance to built residential (min) 29 36 0 264
Agricultural land value ($/acre) 10,396 22,766 82 1,214,544
Distance to arterial roads (meters) 4,629 5,083 0 32,400
Distance to major cities (meters) 48,434 21,198 0 100,365
Table 2 - Descriptive statistics of explanatory variables (sample and full agricultural extent)
3.5 Data analysis
Ultimately, only the random sampling strategy with a minimum separation distance of four
kilometers was able to eliminate major spatial autocorrelation of the residuals in any of the
tested logit models. The two separate regression models were tested using the Global Moran's I
index, one including and the other excluding the planning variable. The former yielded a result
of 0.0335 (expected I = 0.0012, p > 0.9), and the latter a result of 0.0461 (expected 0.0012, p >
0.02). Both were deemed sufficiently insignificant and showing fairly random distribution of
residuals (p > 0.01) so as to not violate the assumption of independent observations.
Once concerns of spatial autocorrelation had been sufficiently addressed, the logit model was
used to illustrate where agricultural conversion was most likely to occur. Then using the future
land use planning variable one can demonstrate the effect that the policy had on agriculture in
the region as a whole. Following the logit model development, a basic chi-squared analysis was
performed at a county-level to test whether there were significant differences in rates of
development inside and outside future land use zones designated for agriculture. This
information helped highlight jurisdictional differences in development pressure and subsequent
levels of effort in protecting farmland. These results are used to inform a discussion on why
certain counties' future land use zoning have been more effective than others at protecting
farmland.
4. RESULTS AND DISCUSSION
4.1 Base logit model of agricultural land conversion
After testing a number of potential explanatory variables based on the literature, only four were
chosen as sufficiently significant and independent in determining agricultural land conversion in
peninsular Florida (see Table 1). This included cost distance to previously built residential areas
(units: minutes), just land value of agricultural land (units: dollars per acre), distance to arterial
roads (units: meters), and distance to cities over 50,000 in population (units: meters). All
variables were significant at a p < 0.01 level. Results show that agricultural conversion is most
likely to occur in areas of high land value close to preexisting infrastructure, near major roads.
Development pressure was vastly more influenced by transportation networks than by historic
urban centers. This is demonstrated in part by the coefficients, for which proximity to roads has
an effect almost nine times as great as proximity to cities, though both made a statistically
significant improvement to the overall model based on the log-likelihood ratio test. The three
distance variables were also appropriately negative in sign, meaning agricultural land further
from cities and infrastructure is less likely to be developed. A positive sign for the land value
coefficient demonstrates that areas with a higher fair market value are more likely to be
developed. While land value was a key factor in the model, other alternative variables for
valuable land, such as adjacency to the ocean or freshwater, did not have a substantial effect
and therefore were not included. This could be due, at least in part, to the fact that this is a
regional model, making it difficult to discern more localized drivers of conversion. Coast, for
instance, may be a more significant variable if just analyzing southeastern Florida. More
importantly, land value takes into account other characteristics of the property that make it
attractive, including proximity to amenities such as the coast. Because land value is published
routinely in digital form under Florida's open records law, there is no need to model it directly,
but this limits the potential accuracy of very long-range projections with this model.
Tests for goodness-of-fit also performed well. A Hosmer-Lemeshow test breaks the data into
deciles and analyzes whether predicted and actual occurrences are significantly different based
on a chi-squared distribution. The null hypothesis is that the model is insignificant and the test
tries to break this hypothesis. A p < 0.05 indicates the model is insignificant, so larger p-values
show a better fit between the model and the data.
Sensitivity and specificity are statistical measures of model performance that were also
calculated. Sensitivity calculates the proportion of actual positives the model correctly identifies;
specificity calculates the proportion of actual negatives the model correctly identifies (Altman
and Bland 1994). In the model, both measures are fairly high, meaning that a positive result in
the model means a high likelihood of agricultural conversion, and a negative result indicates
that agriculture is not very likely to be converted. Area under the ROC curve (AUC), which plots
sensitivity against specificity, is a measure of discrimination, with values ranging from 0.5 to 1
(Hosmer and Lemeshow 2000). A model with a very large area under the curve suggests the
model is able to accurately predict the observations; values between 0.8 and 0.9 indicate a good
discriminating ability of the model (Hosmer and Lemeshow 2000).
Both the Hosmer-Lemeshow and the AUC tests satisfied the basic requirements for fitting a
model according to the results generated (see Table 2).
BASE MODEL
Coefficients Standard z P>|zI 95% Confidence Interval
Error
Cost distance to -0.137069 0.0138573 -9.89 0.000 -0.1642288 -0.1099091
built residential
Agricultural land 0.0000113 4.37E-06 2.58 0.010 2.71E-06 0.0000199
value
Distance to -0.0000987 0.0000374 -2.64 0.008 -0.0001721 -0.0000253
arterial roads
Distance to major -0.0000175 4.95E-06 -3.53 0.000 -0.0000272 -7.76E-06
cities
_cons 2.217605 0.2719552 8.15 0.000 1.684582 2.750627
Num. of obs 852
LR chi2(4) = 453.65
Prob > chi2 = 0.0000
Log likelihood = -361.7625
Pseudo R2 = 0.3854
Table 3 - Results from base logit model
Hosmer-Lemeshow Chi2(8) 3.25
Prob > Chi2 0.9174
Area Under ROC Curve (AUC) 0.8703
Sensitivity Pr( +| D) 92.75%
Specificity Pr( -|~D) 69.02%
Positive predictive value Pr( D +) 77.43%
Negative predictive value Pr(~D -) 89.25%
False + rate for true ~D Pr( +I~D) 30.98%
False - rate for true D Pr( -I D) 7.25%
False + rate for classified + Pr(~D +) 22.57%
False - rate for classified - Pr( D| -) 10.75%
Correctly classified 81.69%
*Classified + if predicted Pr(D) > 0.5
D: Defined as Developed
~D: Defined as Undeveloped
+: Classified as Developed
-: Classified as Undeveloped
Table 4 - Goodness of fit of base logit model
4.2 Logit model with future land use planning variable
A log-likelihood ratio test indicated that adding the future land use planning variable resulted in
a more favorable model than the base. The future land use (FLU) variable was also significant at
p < 0.0001 level. Just this fact, indicates that the future land use planning has had some effect
although, though its coefficient is somewhat difficult to interpret since it does not get
transformed linearly into the final probability value. As a result of adding the FLU variable,
coefficients for the other explanatory variables all shift slightly in a positive direction.
The Hosmer-Lemeshow test indicates that the model fits the data reasonably well, though the
lower p- value here compared with the base, indicates it does not perform quite as well in this
regard, but sufficient enough to reject the null hypothesis that the model and data are
significantly different. Area under the ROC curve is slightly improved, still showing very good
discriminating ability.
MODEL WITH FUTURE LAND USE PLANNING
Coefficients Standard z P>|z| 95% Confidence Interval
Error
Cost distance to -0.1224676 0.0136874 -8.95 0.000 -0.1492943 -0.0956409
built residential
Agricultural land 0.0000116 4.45E-06 2.62 0.009 2.93E-06 0.0000204
value
Distance to -0.0000792 0.0000386 -2.05 0.040 -0.0001548 -3.60E-06
arterial roads
Distance to major -0.0000105 5.26E-06 -1.99 0.046 -0.0000208 -1.66E-07
cities
NOT within FLU 1.048729 0.2041329 5.14 0.000 0.648636 1.448822
agriculture zone
_cons 1.133525 0.3420876 3.31 0.001 0.4630456 1.804004
Num. of obs 852
LR chi2(4) = 479.76
Prob > chi2= 0.0000
Log likelihood = -348.70631
Pseudo R2 = 0.4076
Table 5 - Results from expanded logit model
~D: Defined as Undeveloped
+: Classified as Developed
-: Classified as Undeveloped
Table 6 - Goodness of fit of expanded logit model
Hosmer-Lemeshow Chi2(8) 9.63
Prob > Chi2 0.2921
Area Under ROC Curve (AUC) 0.8824
Sensitivity Pr( +I D) 90.55%
Specificity Pr( -ID) 73.30%
Positive predictive value Pr( DI +) 79.54%
Negative predictive value Pr(~D I -) 87.13%
False + rate for true ~D Pr( +~I D) 26.70%
False - rate for true D Pr( -| D) 9.45%
False + rate for classified + Pr(~D I +) 20.46%
False - rate for classified - Pr( DI -) 12.87%
Correctly classified 82.51%
*Classified + if predicted Pr(D) > 0.5
D: Defined as Developed
4.3 Spatial patterns of agricultural conversion
The coefficients and explanatory variables in the two models were used to generate the logit
equation, which was then transformed to get a probability function (see section 3.4) showing
the likelihood of returning a "positive" result - in this analysis that farmland was converted to
urban use. This probability equation was applied across all agricultural land from 1990 using the
spatial data of the independent variables to get a complete probability surface using the base
and expanded models.
Results are consistent with what were identified as key explanatory variables. Agricultural land
that is under greatest threat from development is generally along the urban fringe of the major
metropolitan areas. For the most part, areas of high concern are within 25 miles of the coast as
that is where the majority of people live in the study region. The exception is the Orlando metro
area: its development pressure starts inland but extends all the way west to Tampa along the 1-4
corridor. Without any major highways or cities in the south central part of the region, that area
actually has a quite low probability of conversion even though it is probably the largest expanse
of contiguous farmland. With this analysis, it becomes evident that as of 1990, a majority of the
land is of low pressure to be converted. Only 10% of all 1990 agricultural land is highly likely to
be developed (>80% probability), but this is where nearly half of all the agricultural conversion
took place.
Figure 11 - Likelihood of urban development of 1990 agricultural land
Percent of Total Percent of Urban Conversion
Probability of Agricultural Land of Agricultural Land between
Conversion Acres (1990) 1990 and 2008
0-20% 3,091,382 54% 4%
20-40% 525,170 9% 4%
40-60% 624,008 11% 11%
60-80% 952,699 17% 36%
80-100% 511,448 9% 45%
Table 7 - Statistics from base probability surface
4.4 The impact of land use planning
Comparing the base to the expanded model enables one to analyze the effect that future land
use planning has had on guiding the development of agricultural land. It should be noted that
although all the land being considered has been classified as agriculture, it does not say anything
about the quality, type, or productive value of the farmland that has been lost. The purpose of
the analysis is not then to determine whether or not counties actually tried to protect the best
or most important agricultural land, but to understand whether counties were able to use the
planning tools to guide the location of development away from areas that they had planned as
agriculture.
The general pattern of the probability surface for the expanded model is similar to the base as
would be expected. Subtraction of the two datasets, though, begins to highlight areas that are
impacted by the future land use variable. The future land use planning does not largely impact
central counties near Lake Okeechobee, even though those counties applied the zoning
extensively, as not much of that land was likely to be developed to begin with. Counties that
were most impacted, either positively or negatively, are those that were facing high
probabilities of conversion, and either were aggressive about zoning their agricultural land or
not. Counties in the north-central and north-west, particularly Polk and Lake counties, are
confronted with much development pressure, and yet it appears they have not used their future
land use element very actively as an agricultural land protection measure. As a result, they have
a much higher likelihood of development - on the order of 10-20% - throughout their county
when future land use zoning is used comprehensively in the region. Conversely counties along
the coast that historically have largely been developed have generally attempted to protect the
relatively little farmland they have remaining. These counties are positively affected by about
10-20% probability by utilizing the future land use zoning.
Figure 12 - Difference in likelihood of development between base and expanded model
While this analysis makes it graphically clear that the future land use element did have a
noticeable impact on the rates and locations of agricultural land conversion, there are also
clearly significant county-wide differences in effort and effect. In the case of Sumter County, for
instance, development pressure is shifted away from more rural areas and concentrated into
already built areas as is intended by the policy. On the other hand, neighboring Lake County
experiences a negative impact as a result of the implementation of the tool, in part because
they have not used the future land use element for agriculture extensively. By allowing counties
to individually decide on how much agricultural land to protect, the GMA has an unintended
consequence: development may simply get shifted to neighboring counties that share similar
land characteristics, but have a weaker regulatory map for agriculture. The reasons as to why
certain counties have done more or have been more effective with their planning for agriculture
are investigated in the subsequent sections.
Figure 13 - Difference in likelihood of development, Sumter and Lake County border
4.5 Chi-squared analysis of future land use zoning
While on a regional scale counties that zoned less for agriculture ended up having a higher
likelihood of development, it is possible that the small amount of land that they zoned was more
likely to withstand development. The purpose of the chi-squared analysis was to determine
whether there was a statistically significant difference in rates of development between
agricultural land that was or was not protected in the comprehensive plan, regardless of the
total quantity zoned. The study region as a whole showed a statistically significant difference in
proportion of agricultural land developed inside and outside the agricultural zone, though some
counties performed much better than others. In fact, using a threshold of p < 0.01, 8 counties
did not show proportions of development that were statistically different inside and outside the
agricultural zone. The remaining counties did pass the chi-squared test though to varying
degrees.
4.6 County patterns of aggressiveness and significance of land use planning
In general, there appears to be a fairly consistent relationship between the percentage of
agricultural land protected, which I will define as the county's "aggressiveness," and the chi-
squared statistic, which I define here as the significance of the land use planning tool. It turns
out that counties that did not zone much for agriculture did not score well in terms of their
significance. No counties that tried to protect 20% or less of their agricultural land showed any
statistical difference in where farmland got converted. If on the other hand, a significant
proportion of land was zoned for agriculture, it is more likely this had a significant effect. On this
end of the spectrum, however, results tend to vary much more. For instance, Highlands County
zoned 85% of its agricultural land, but this zoning appears to have had little effect on rates of
development on farmland; proportions developed inside and outside the future land use zoning
were very similar. On the other extreme, Palm Beach County zoned about the same percentage
of its agriculture but only 17% of development occurred in the agricultural zone.
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Figure 14 - Scatterplot of significance against aggressiveness
One hypothesis as to why some counties have been more aggressive with their agricultural
zoning is based on how much development pressure they expect to encounter in the future.
Using the average probability of urban conversion based on the logit model provides a useful
measure of development pressure. A chart of aggressiveness versus development pressure (i.e.
average probability of agricultural land conversion), illustrates that for the most part counties
zone more for agriculture when significant development pressure is not an immediate issue.
This trend gradually tends downward toward counties that have such high development
probability that they make little effort to protect farmland with the planning mechanism. A
major exception to this trend has been Miami-Dade County, which has protected a large
proportion of its agricultural land in spite of its land being under significant development
pressure. On the contrary, Osceola and Brevard counties were not aggressive with agricultural
zoning even though there was not a very high likelihood of development to take its place. In
general, counties experiencing high development pressure with low aggressiveness are
clustered in the northwest part of the region; while counties with low pressure and high
aggressiveness tend be congregated in the south-central part of the region (see Figure 17).
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Figure 16 - County patterns of development pressure and agricultural protection aggressiveness
The value that agriculture has in a particular county is likely one of the missing factors to explain
why certain counties with similar levels of development pressure have different aggressiveness
approaches in planning for agriculture. While section 2.2 described some of the reasons as to
why communities may want to protect agriculture, many of the non-economic benefits of
farmland are not easily quantified and often do not reach the forefront of planning discussions.
One would expect at the least, however, that counties with valuable agricultural resources
would do more to protect them. Data from the 1992 Census of Agriculture help to explain some
of these differences. For instance, bordering counties of Broward and Miami-Dade in the
southeast are relatively similar in terms of development pressure, but the significantly greater
value of agriculture in Miami-Dade could be one reason why they have been considerably more
aggressive with zoning. Likewise, one hypothesis as to why Brevard and Osceola were less
aggressive in agricultural zoning was due to the fact that their agricultural land had less
productive value compared to counties in the center of the region such as Highlands and
Hendry, which had similar levels of development pressure. This hypothesis would need further
study, however, to make any generalized conclusions. Overall trends seem to show that
counties with low development pressure end up having relatively mixed results in terms of using
future land use planning to protect agriculture. Counties with high development pressure
generally seem to not use the zoning as aggressively, but when they do (e.g. Miami-Dade,
Volusia) it appears to have at least a moderate effect of guiding where conversion of agriculture
occurs.
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Figure 17 - Scatterplot of aggressiveness against value of agriculture
4.7 Prototype for quantifying the impact of the GMA in terms of farmland loss
It is clear from the chi-squared analysis that future land use planning from 1990 did have some
significant effect on the rate and location of agricultural land conversion in the region and in
most counties. Based on the logit model and analysis, however, it is not entirely obviously how
to quantify the impact of the GMA in terms of agricultural land saved. To illustrate this, one
could build an allocation model of future development to determine what the likely impact
would be to agricultural lands over the long-term. In this section I have prototyped hypothetical
scenarios of how agricultural land might be impacted with and without the GMA. While this
again would require a model free of spatial autocorrelation to draw any major conclusions,
which has not been developed yet, this is the type of analysis one could do with the logit model
to further analyze the impact of the GMA's policies.
In the prototype, I allocated thirty years worth of urban development on agricultural land based
on a linear trend based on the acres converted between 1990 and 2008. Using both the base
model and the expanded model probability surfaces, I randomly converted 50m cells within 10
equal interval probability classes based on how many acres were actually converted during the
time interval. This is meant to simulate that although the majority of conversion occurs where
development probability is highest, there is still considerable conversion of farmland that occurs
in less likely areas that is either random or subject to very local conditions in place or time,
which could not easily be modeled. Based on this allocation, I determined the remaining
"viable" agricultural area under each scenario, given a minimum 20-acre threshold, as that is
often regarded as the minimum lot size for effective agricultural zoning (Florida Planning
Toolbox 2006).
Without growth management
20 acre or more contiguous agriculture 1 Miles
1990 Agricultural Future Land Use 0 2
Figure 18 - Comparison of amount of land remaining as agriculture after 30 years of urban development,
with and without growth management, outside Port St. Lucie
STUDY REGION Viable Agricultural Acres Protected
inside FLU outside FLU
zone zone Total
Model without GMA 2,625,182 984,744 3,609,926
Model with GMA 2,862,030 865,627 3,727,657
Total acres saved with
GMA 236,848 (119,117) 117,731
Table 8 - Regional summary of remaining viable agricultural acres given
models with and without growth management, after 30 years of development
Figure 18 shows a small agricultural area just west of Port Saint Lucie in southeastern Florida.
Based on the logit model, this is a place where future land use had a significant effect on the
likelihood of conversion. The illustration shows that about a 20% probability difference over a
With growth management
30-year time period does noticeably impact the amount of viable farmland that is converted in
the future land use zone. Without future land use planning, there is almost uniform
development inside and outside the agricultural zone, which leads to significant fragmentation
of agricultural lands and less viability in the long term; in the model with future land use
planning, development is concentrated outside the agricultural zone leading to less landscape
fragmentation. This applied to the study region as whole, which ended up saving over 100,000
acres simply by using the planning measure to guide and concentrate the location of
development on agricultural lands (see Table 6).
It is possible that this random allocation of converted agriculture is not a fair representation of
how special exceptions to the future land use map are made. It does, however, illustrate a key
point about comprehensive planning for agriculture, which is that if exceptions are not made
strategically and in line with goals of protecting agriculture this will likely not be an effective tool
for farmland protection. If farmland is fragmented, it may still retain some of its open space
value, but it quickly loses viability as productive agricultural land. The effect of fragmentation
can be reinforcing and dramatic, as it increases the development potential of surrounding areas,
which constrains existing farms from expanding operations and puts additional pressure to
develop, leading to further fragmentation. In short, without a prioritization, strategic vision, or
clear objectives as to why certain land is being zoned for agriculture, the comprehensive plan
may be useful in managing growth, but will unlikely be useful on its own for protecting
agriculture.
5. CONCLUSIONS
By mapping and measuring farmland conversion and the impact of comprehensive plan
implementation, we now have an improved understanding of the spatial patterns of
development pressure on agriculture. Exploration of potential explanatory drivers helps to
highlight the major factors that lead to sprawling development and conversion of farmland in
this region. In particular, land value, proximity to road networks, existing infrastructure, and to a
much lesser extent city centers are the key drivers of agricultural conversion.
A systematic look at Florida agriculture also provides a means to identify and narrow down the
most critical areas of attention. The analysis shows that a large proportion of farmland
conversion occurs in highly predictable locations, which represents only a small percentage of
the state's agricultural land (less than 10%). Agricultural land will likely remain in remote areas
such as central Florida that are far from both coasts and major interstate alignments. Without
strong regulatory actions, however, agricultural lands will likely not persist near major
population centers. There is evidence from this study, though, that such actions have the
potential to be effective if implemented properly.
Analysis of farmland conversion trends in peninsular Florida suggest that the Growth
Management Act's requirement of comprehensive planning and their future land use element
has had a measureable impact on the rate and location of development on agricultural land.
Given the GMA's objective to "protect adjacent agricultural areas and activities" (Rule Chapter:
9J-5, Florida Administrative Code 2010), however, it seems to fall short in terms of maintaining
the long-term viability of agriculture in the region. Based on historic trends, there does not
appear to be a clear vision of how special exceptions to the future land use map should be
made. With rather loose regulatory power, the map slows the rate of development on
agricultural land, but it does not make an attempt to prioritize the most important agricultural
resources. In short, a major public issue is which kinds of agriculture people want to maintain in
periurban areas. Depending if the public wants a local food supply, open space, or ranches for
instance, planners will have to prioritize the necessary land types and use the available tools
properly to protect them.
This study also demonstrates that with the current state of the GMA that there is significant
variation between how well counties are doing in terms of farmland protection. This is based in
part by how much development pressure counties face, the importance of agriculture, and how
aggressively they protect their remaining farmland. The effectiveness of county-wide farmland
protection must be based, though, on a broader strategy than simple zoning to have an impact.
For instance, almost half the counties in this region also utilize urban service areas, urban
development boundaries, or urban-rural boundaries in their comprehensive plan to control
development. While these boundaries do not necessarily have any stronger regulatory power, if
a county is also delineating these areas they are likely taking growth management more
seriously and are creating an extra set of regulatory measures to prevent farmland conversion.
In the case of Miami-Dade they have made relatively few amendments to their urban
development boundary, which is partly why results from this analysis show that Miami-Dade
had significantly different rates of farmland conversion between urban and rural areas despite
significant development pressure.
While these regulatory approaches, if implemented properly, can be important pieces of a
comprehensive farmland protection program, they must be part of a larger initiative given they
do not necessarily come with clear agricultural goals. At best then they may help keep more
space open, but they do not seem to maintain the integrity of the landscape to promote
agriculture. Some counties, such as Hillsborough and Martin have 20 acre minimum lot size
requirements, which helps to limit low-density development on farmland. These cases are rare
in the study region, however, where the majority of the agricultural zoning is planned at about
one unit per five-acre density, which demonstrates that counties are generally allowing
sprawling rural residential development more than they are actually trying to protect
agriculture. This type of zoning also makes purchase of development rights for farmland more
difficult and may also allow development next to preserved farms, which can lead to land use
conflicts between farmers and residents (Daniels and Bowers 1997).
As noted in chapter two, there are other variations among efforts between counties that help to
explain variable outcomes in terms of agriculture. A number of counties - Palm Beach, St. Lucie,
Sarasota, Hillsborough - have started transfer development rights (TDR) programs. Most,
however, have had somewhat marginal effects in terms of the total area protected and the
programs tend to be primarily focused on environmentally sensitive lands or open space rather
than farmland. The most notable example of TDR farmland protection has been Collier County's
Rural Lands Stewardship Area, which has helped to protect 75,000 acres of agricultural land that
is also suitable for panther habitat.
Likewise, there is not much consistency about purchase of development rights programs since
there has been little statewide funding to protect farmland. Instead funding has had to come at
the county level, but again this has been focused more on conservation land than it has on
farmland. Miami-Dade's recent PDR program is one of the few in the region that is focused
specifically on agriculture.
Florida is in a unique to position to have an effective farmland protection program, with the
existence of the GMA and required state and local comprehensive planning. The impact that the
GMA has had on farmland protection, however, is not entirely surprising. Although protecting
agriculture is an overarching goal, the GMA does not outline specific policies or provide
significant funding to achieve that objective. The fact that it does not even require an
agricultural component to each comprehensive plan is testament to why there has been no
strategy behind farmland conservation. The future land use element is required but it does not
call for exclusive agricultural zoning. In short, the GMA is lacking a statewide network for prime
agricultural land protection that county comprehensive plans should adhere to. The advantage
is that flexibility to local conditions is enabled, but as usual agriculture is left unable to compete
for land that is also highly desirable for development or conservation.
Growth management if done correctly has the potential to bring together a variety of land use
tools into a single strategy. Any one tool will likely not be effective but should be used in tandem
with other policies and incentives that can help to reinforce one another. Florida farmland
protection so far has not been comprehensive enough. A successful program will jointly attempt
to address its assets by attempting to manage growth in desired areas, protecting habitat,
wildlife and ecosystems services, and maintaining agricultural viability.
6. FUTURE RESEARCH
This thesis has focused primarily on the effect that comprehensive planning has had on farmland
in Florida. A primary assumption is that counties have prioritized their agricultural land and the
analysis tests to see whether the zoning had an impact on rates of conversion. Review of
comprehensive plans and their objectives for agriculture revealed that many counties
agricultural future land use is utilized more as a growth management tool rather than for active
agriculture specifically. Further study should involve research into how to better prioritize the
protection of farmland at both the county and state level. While the development pressure
model utilized here would be an important ingredient in this prioritization, more data related to
crop types, production value, soil and water quality would be needed.
This analysis should just be the first step in evaluating comprehensive planning for agriculture
and other farmland protection tools. Future research is warranted in several areas. First, future
studies should compare results between states with different degrees of local planning
mandates. This might provide an increased understanding of comprehensive planning in general
and to help determine what conditions are specific to Florida. Second, this analysis is at a
regional scale with a high level of aggregation, which has made localized initiatives and reasons
for lack of aggressiveness difficult to discern. It would be useful to include county or municipal
level case studies that could help to describe local conditions; this would help to explain spatial
development patterns as well as where the future land use element has or has not been
effective. The analysis has only touched on broad potential drivers of change based on readily
available datasets; more could be done to test potential variables within subregions. Third, the
future land use is just one tool that could be used for farmland protection and must be part of a
larger suite of policies and incentives if it will be effective in protecting agriculture. Other land
use policies should be directly addressed in the analysis to better separate the effects of
different growth management tools.
APPENDIX
GIS data sources:
Description File Name Publisher Year Distributor
Florida Department of
Florida Parcel Data Parcels_10 Revenue 2010 FDOR
Water Management District Land SWFWMD, SFWMD,
Use LU90 SJRWMD, SRWMD 1990 FGDL
Urbanized Areas UA1990 U.S. Census Bureau 1990 FGDL
Cities and Towns of Florida Cities Feb04 National Atlas of the U.S. 2004 FGDL
Florida Department of
Road functional classification Funclass Transportation 2010 FDOT
Southwest Florida
North Florida Future Land Use Ftrlun Regional Planning Council 1992 FGDL
Southwest Florida
South Florida Future Land Use Frtlus Regional Planning Council 1992 FGDL
*FGDL: Florida Geographic Data Library
Spatial pattern of sampling strategy and residuals of base logit model:
County rankings of development pressure, aggressiveness, and significance
Development
Pressure Aggressiveness Significance
County Rank Rank Rank
Pinellas 1 28 27
Miami-Dade 2 12 5
Seminole 3 21 20
Hillsborough 4 23 19
Broward 5 25 25
Volusia 6 18 22
Lake 7 29 29
Hernando 8 26 26
Pasco 9 22 17
Lee 10 19 13
Polk 11 27 23
Orange 12 24 28
Manatee 13 16 6
Sumter 14 3 21
Sarasota 15 14 9
St. Lucie 16 8 4
Hardee 17 13 16
Martin 18 10 2
Indian River 19 7 3
Collier 20 15 7
Desoto 21 11 11
Okeechobee 22 1 12
Brevard 23 17 15
Charlotte 24 9 10
Osceola 25 20 18
Palm Beach 26 6 1
Glades 27 5 8
Highlands 28 4 24
Hendry 29 2 14
Development Pressure is based on the average likelihood of agricultural conversion
Aggressiveness is based on the proportion of agricultural land protected under the county
comprehensive plan's future land use element
Significance is based on a chi-squared statistic of proportion of converted land inside and
outside the future land use agricultural zone.
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